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trojana Ivanina., an Endemic 
Medicinal Plant of Turkey
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Abstract
Digitalis trojana Ivanina is a member of the Plantaginaceae family and known 
by its common name, Helen of Troy foxglove. It is perennial endemic to Çanakkale 
and Balıkesir, northwestern Turkey. In order to develop an efficient shoot regen-
eration protocol, the leaf explants of D. trojana were cultured on Murashige and 
Skoog (MS) medium containing 6-benzyl adenine (0.1, 0.5, 1.0, 3.0, 5.0 mg/L) and 
α-naphthalene acetic acid (0.1, 0.5, 1.0 mg/L), 3% (w/v) sucrose and 0.8% (w/v) 
agar. The highest number of regenerated shoots was obtained from leaf explants 
that were cultured on MS medium with 3.0 mg/L BA+0.1 mg/L NAA. Regenerated 
shoots were rooted on MS medium without plant growth regulators. Rooted plants 
(2–3 cm) were separately transferred to pots containing a mixture of peat and 
perlite (2:1 v/v) and acclimatized successfully in a growth chamber.
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1. Introduction
Turkey has a rich biodiversity as a result of its location, its geological struc-
ture and different climatic zones. Turkey hosts three biogeographical regions: 
Mediterranean, Euro-Siberian and Irano-Turanian. As a result of located on the 
meeting point of these three different regions, Turkey is one of the most important 
areas in the world in terms of biological diversity. It is one of the world’s richest 
countries with regard to diversity of plant species, hosting 167 families, 1320 genera 
and 9996 species [1]. This genetic diversity gains importance especially with the 
diversity of endemic, rare, medicinal and cultivated plants. A species, or other cat-
egory of organism that is unique to a defined geographic location such as an island, 
nation, country, or habitat type is considered endemic to that location. The ende-
mism rate of the Turkish flora is 31.8% and each year new such species are identi-
fied. Turkey has 3649 endemic plant species of flora with 31.82% rate of endemism 
[1–4]. Asteraceae, Lamiaceae, Fabaceae, Caryophyllaceae and Scrophulariaceae 
families constitute 50% of the distribution of endemic taxa in Turkey [5]. High 
levels of endemism within Turkey are concentrated in specific areas, such as the 
Amanos Mountains, the Ilgaz Mountains, the Central Taurus Mountains, the Taşeli 
Plateau, the Bolkar and Aladağlar Mountains, Kazdagi, Uludağ Mountain, the 
mountains between Gümüşhane and Erzincan, the Munzur Mountains, and Lake 
Tuz and its saline steppes [1].
Endangered Plants
2
Kazdagi Mountain (Mt. Ida) is in the north western of Turkey, at the transition 
area of the Euro-Siberian and Mediterranean regions. Kazdagi is the gene center of 
the west Anatolian region. Endemic and rare taxa have been preserved on the dif-
ferent geological massive and especially in the subalpine zone [6]. The Mountain is 
ecologically and floristically diverse, containing a number of plant species endemic 
to Turkey. It has a rich flora thanks to climatic conditions, geological structure 
and its location. There are about 800 taxa grown naturally in the area and 79 of 
them are endemic to Turkey. Thirty-one of the endemic taxa are grown only in this 
Mountain [7–10].
Due to exceptional amount of endemism that brings a huge responsibility to 
Turkey, it is to ensure that these species are adequately protected from threats or 
extinction, particularly for those which are related to the crops upon which much of 
the world depends. Endemic plant species may be endangered due to their distribu-
tion specific to a specific region and the decrease in the number of individuals in 
the population. Endemic plant species should be taken under protection in ex situ as 
well as in situ in order for the biodiversity of our country to be passed on to future 
generations, to prevent the destruction of gene resources, to prevent the loss of wild 
forms of many cultured species, and for the sustainability of vegetative production. 
Plant tissue culture is one of the methods used in ex situ conservation of plant gene 
resources. Tissue culture allows the production of new tissue, plant or herbal prod-
ucts by culturing parts of a plant such as cell, tissue, organ, meristem or embryo 
under aseptic conditions in an appropriate artificial nutrient medium [9, 11, 12]. 
In vitro culture technologies have been increasingly used for ex situ conservation of 
rare or endangered endemic plants [13, 14]. Besides, high amounts of production of 
medicinal plants and their metabolites can be achieved via in vitro culture [15–17].
The genus Digitalis L., commonly known as the foxglove, is a member of the 
Plantaginaceae and encompasses approximately 20 species. Digitalis species are 
biennial or perennial herbs, rarely small shrubs with simple, alternate leaves, which 
are often crowded in basal rosettes [18, 19]. This genus is native to western and 
southwestern Europe, western and central Asia, Australasia and northwestern  
Africa. Digitalis species is represented by eight species and two subspecies, including 
four endemic, in Turkey. Among these species, Digitalis trojana Ivanina is known 
by its common name, Helen of Troy foxglove. It is perennial endemic to Kazdagi, 
northwestern Turkey [20]. According to the Red Data Book of Turkish Plants, con-
servation status of this species is declared as vulnerable (VU) [21]. Digitalis species 
are a medicinally important group because of the cardenolides or cardiac glycosides 
(CGs) applied in human medicine. The cardenolides have been used as the most 
effective heart drugs for treating several heart defects [22–24]. They also show a 
broad spectrum of biological activities, containing anti-carcinogenic, acaricidal and 
antibacterial properties. Recent studies are especially focused on the anticarcino-
genic effects of digoxin and digitoxin particularly for cancer treatments [25, 26]. 
There are lots of reports about in vitro cultures of Digitalis species [22, 27–31]. The 
aim of this research is to carry out an efficient in vitro propagation of D. trojana for 
ex situ conservation.
2. Materials and methods
2.1 Plant materials
Plant seeds of D. trojana were collected from the Kazdagi National Park, Turkey 
(Figure 1). Plant samples were prepared as herbarium materials and voucher 
3
In Vitro Propagation of Digitalis trojana Ivanina., an Endemic Medicinal Plant of Turkey
DOI: http://dx.doi.org/10.5772/intechopen.94378
specimens were deposited in the Herbarium of Çanakkale West Anatolia (CBB, 
Çanakkale, Turkey) under number 351, 352 and 353.
Seeds were surface-sterilized by stirring in 3% (v/v) solution of sodium hypo-
chlorite containing two drops of 0.1% Tween 20 for 20 min. Under sterile condi-
tions, followed by 5 times rinsed in sterile water. The surface-sterilized seeds were 
cultured on MS basal medium (MS: M0222, Duchefa Biochemie B.V., Haarlem, 
Netherlands) [32], containing 3% (w/v) sucrose and 0.8% (w/v) agar, and keep 
in the dark for a week for successful germination. Germinated seedlings were 
subsequently transferred to a growth chamber at 25 ± 2°C under a 16-h light and 8-h 
dark long day cycle with a light intensity of 72 μmol m−2 s−1provided by cool-white 
fluorescent lamps.
2.2 Induction of adventitious shoots
Shoot cultures of D. trojana were established in vitro using leaf segments  
(5x5 mm) excised aseptically from 12-week-old in vitro germinated seedlings. The 
explants were cultured on MS medium supplemented with BA (0.1, 0.5, 1.0, 3.0, 
5.0 mg/L) in combination with NAA (0.1, 0.5, 1.0 mg/L) and 3% (w/v) sucrose 
(S0809, Duchefa). All media were gelled with 0.8% (w/v) agar (P1001, Duchefa) 
and the pH was adjusted to 5.75 before autoclaving. All cultures were maintained 
Figure 1. 
Plant samples of Digitalis trojana (a, b, c).
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at 25 ± 2°C under the 16/8 h photoperiod with a light intensity of 72 μmol m−2 s−1. 
Ten explants were cultured per petri dish for each type of explant, and at least five 
replicates were used for each treatment. The mean number of regenerated shoots 
per explant was recorded in each culture after twelve weeks.
2.3 Shoot multiplication, rooting and transfer of plantlets to soil
In order to multiply the shoots, the well-developed shoots (ca. 1 cm in length) 
grown for 8 weeks on shoot induction medium were excised and transferred to fresh 
MS medium containing the same PGRs as the shoot induction medium. For rooting, 
the shoots (2–3 cm in length) produced after multiplication were separately trans-
ferred to basal MS medium, 3% (w/v) sucrose and 0.8% (w/v) agar without plant 
growth regulators. All the plants with well-developed roots were taken out of the 
solid medium, gently washed in running water and shortly after transplanted into 
pots (5 mm in diameter) containing a mixture of peat and perlite (2:1 v/v). Plantlets 
were covered with plastic cups to maintain a high humidity and a few holes were 
opened on the cups. The diameter of the holes was gradually increased over the next 
2 weeks. After one month, the plantlets were uncovered and were then transplanted 
to new pots (15 mm in diameter) containing the mixture of 2 peat:1 perlite.
2.4 Statistical analysis
The mean number of shoots and percent of explants forming shoots were 
analyzed after twelve weeks from initial inoculation for all explants. All data were 
evaluated by analysis of variance and mean values were compared using MINTAB. 
The interaction of plant growth regulators was analysis with MSTAT. The statistic 
model (Yijk = μ + Ai + Bj + AB ij + Σ ijk) was used for assigning the effects of plant 
growth regulator’s concentration on shoot regeneration.
3. Results and discussion
The explants cultured on MS medium without plant growth regulators were 
only slightly expanded callus and shoot formation wasn’t observed in this medium. 
Adventitious shoots were formed out of the cut edges of the explants, cultured on 
MS medium containing BA in combination with NAA within three weeks in the 
culture (Figure 2). Mean number of shoots per explants and percent of explants 
forming shoots were recorded (Table 1). The highest shoot formation was obtained 
on media containing 3.0 mg/L BA+0.1 mg/L NAA and 5.0 mg/L BA+1.0 mg/L NAA. 
Although the number of regenerated shoots are higher on media containing 5.0 mg/L 
BA+1.0 mg/L NAA, the vitrification was occurred in the shoots in this medium and 
the shoots were not multiplicated. As a result of analysis of variance, it was shown 
that the effect of NAA varied depending on BA concentration for shoot regeneration 
at 12th week of culture (P < 0.01).
BA was promoted to shoot formation by interaction with NAA (Figure 3). The 
ratio of NAA to BA was also very significant. Especially, 3.0 or 5.0 mg/L concentra-
tion of BA was effective for shoot formation from D. trojana leaf explants. Our 
results are consistent with previous report on D. thapsi L. [30], which reported 
that the presence of high concentrations of BA (3, 4, 5 mg/L) in combination with 
IAA or 2,4 D or NAA promoted callus formation and shoot organogenesis from 
leaf explants. In another research, BA promoted adventitious bud differentiation 
alone, but addition of auxin significantly increased the bud forming capacity of 
leaf explants of D. minor L. [33]. The best shoot proliferation was observed among 
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Figure 2. 
Morphogenic callus induction and shoot regeneration in D. trojana from leaf explant culture (a), multiple 
adventitious shoot regeneration on MS medium with 3.0 mg/L BA +0.1 mg/L NAA (b, c, d).
Plant growth regulators (mg/L) Percent of explants forming 
shoots
Mean number of shoots per 
explants
BA NAA
— — 0.0 0.0
0.1 0.1 4.0 0.3 ± 0.1 D a
0.5 0.1 16.0 ± 0.3 2.3 ± 0.5 CD a
1.0 0.1 20.0 ± 1.4 10.3 ± 0.3BC a
3.0 0.1 32.0 ± 0.1 28.0 ± 1.8Aa
5.0 0.1 45.0 ± 0.5 16.3 ± 0.1 B b
0.1 0.5 0.0 0.0 B a
0.5 0.5 0.0 0.0 B a
1.0 0.5 0.0 0.0 B b
3.0 0.5 32.0 ± 0.9 17.3 ± 0.3A b
5.0 0.5 12.0 ± 0.7 2.3 ± 0.6B c
0.1 1.0 0.0 0.0 B a
0.5 1.0 13.3 ± 1.6 0.6 ± 0.1B a
1.0 1.0 12.0 ± 1.8 1.6 ± 0.5B b
3.0 1.0 4.0 ± 0.2 0.3 ± 0.1B c
5.0 1.0 14.6 ± 0.5 26.3 ± 3.0A a
Variety of BA concentration is significant in every NAA concentration and variety of NAA concentration is 
significant in every BA concentration (means with the same letters are not significantly different at P < 0.01).
Table 1. 




explants cultured on MS medium with 3.0 mg/L BA +0.1 mg/L NAA (Figure 4). 
These 2–3 cm long elongated shoots were transferred to root formation medium, 
MS without plant growth regulators within 1 week. MS medium containing 
0.5 mg/L NAA was also used as root forming medium but on this medium roots 
were not induced.
At the end of experimental series of our research, plantlets were adapted to  
ex vitro conditions and then transplanted to plastic flowerpots (Figure 5). Finally, 
plantlets were successfully acclimatized in the greenhouse after they were taken 
to the plastic cups containing 2 peat:1 perlite (Figure 6). All in vitro regenerated 
plantlets were grown healthy.
Figure 3. 
Interaction of BA and NAA (A2; 0.1 mg/L NAA, A3; 0.5 mg/L NAA, A4; 1.0 mg/L NAA; B2; 0.1 mg/L 
BA; B3; 0.5 mg/L BA; B4; 1.0 mg/L BA; B5; 3.0 mg/L BAP; B6; 5.0 mg/L BA) (Y axis: The mean number of 
shoots).
Figure 4. 
Multiple adventitious shoots on MS medium with 3.0 mg/L BA + 0.1 mg/L NAA (a-d).
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4. Conclusions
In conclusion, we attained an effective, rapid and high-efficient in vitro propa-
gation protocol for mass production of Digitalis trojana plants. We showed that leaf 
Figure 5. 
Regenerated shoots in elongation medium (a), shoots developed their roots (b), regenerated plantlets (c), plantlets 
with well-developed roots transferred for acclimatization to pots (d).
Figure 6. 
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explants can be cultured on MS medium with 3.0 mg/L BA+0.1 mg/L NAA with a 
satisfactory frequency of plant regeneration of Digitalis trojana. The results of this 
study demonstrate that this protocol is a reliable method for future studies on this 
endemic species.
Acknowledgements
This work was a part of the Nurşen Çördük’s PhD thesis and supported by 
Scientific Research Projects Commission of Çanakkale Onsekiz Mart University 
(2008/26).
© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
9
In Vitro Propagation of Digitalis trojana Ivanina., an Endemic Medicinal Plant of Turkey
DOI: http://dx.doi.org/10.5772/intechopen.94378
[1] FAO. Biodiversity of Turkey. 
Contribution of genetic resources 
to sustainable agriculture and food 
systems: Ankara; 2018. 222 p. Licence: 
CC BY-NC-SA 3.0 IGO.
[2] Avcı M. Çeşitlilik ve endemizm 
açısından Türkiye’nin bitki örtüsü. 
İstanbul Üniversitesi Edebiyat Fakültesi 
Coğrafya Dergisi. 2005;13:27-55
[3] Güner A, Aslan S, Ekim T, Vural M, 
Babaç MT, editors. Türkiye bitkileri 
listesi (Damarlı Bitkiler), Nezahat 
Gökyiğit Botanik Bahçesi ve. Flora 
Araştırma Derneği Yayını: İstanbul; 
2012 1290 p
[4] Demirayak F. Biyolojik çeşitlilik-doğa 
koruma ve sürdürülebilir kalkınma. 
TÜBİTAK, Vizyon 2023, Biyolojik 
Çeşitliliğin Korunması ve Sürdürülebilir 
Kalkınma, Aralık 2002 [Internet]. 
Available from: http://www.tubitak.gov.
tr /tubit ak_content_files /vizyon2023/
csk/EK-14.pdf.
[5] Şenkul Ç, Kaya S. Türkiye endemik 
bitkilerinin coğrafi dağılışı. Türk 
Coğrafya Dergisi. 2017;69:109-120
[6] Uysal I. An overview of plant 
diversity of Kazdagi (Mt. Ida) Forest 
National Park. Turkey. Journal of 
Environmental Biology. 2010;31:141-147
[7] Davis PH. Flora of Turkey and the 
east aegean islands. Vol.6. Edinburg: 
Edinburg University Press; 1972. 
pp. 680-687
[8] Dirmenci T, Satıl F, Tümen G. 
Kazdağı Milli Parkı çiçekli bitkileri. 
Balıkesir: Zeytinli Belediyesi; 2007.  
pp. 182-185
[9] Gürel E, Türker AU. Organogenesis. 
In: Babaoğlu M, Gürel E, Özcan S, 
editors. Bitki Biyoteknolojisi: Doku 
Kültürü ve Uygulamaları. Selçuk 
Üniversitesi Vakfı Yayınları: Konya. 
2001. pp. 36-70
[10] Tümen G, Satıl F, Duman H,  
Başer KHC. Two new Records for 
Turkey: Satureja icarica P. H. Davis, 
S. pilosa Velen. Turkish Journal of 
Botany. 2000;24:211-214
[11] Babaoğlu M, Yorgancılar M,  
Akbulak AM. Doku Kültürü: 
Temel laboratuar teknikleri. In: 
Biyoteknolojisi B, editor. Babaoğlu, M., 
Gürel, E. ve Özcan, S. Doku Kültürü ve 
Uygulamaları, Selçuk Üniversitesi Vakfı 
Yayınları: Konya; 2001. pp. 1-35
[12] Trigiano RN, concept GDJP t c, 
exercises l. CRS Pres. Boca Raton: 
Florida. 1996:472
[13] Sasaran V, Cripps R, Ramsay MM,  
Atherton C, McMichien M, 
Prendergast G, et al. Conservation 
in vitro of threatened plants-progress 
in the past decade. In Vitro Cellular 
& Developmental Biology - Plant. 
2006;42:206-214
[14] George EF, Hall MA, Klerk GD. 
Plant propagation by tissue culture. 
3rd. ed. Springer; 2007. p. 30-43.
[15] Constabel F. Medicinal plant 
biotechnology. Planta Medica. 
1990;56:421-425
[16] Rout GR, Samantaray S, Das P. 
In vitro manipulation and propagation 
of medicinal plants. Biotechnol. 
Adv. Biotechnology Advances. 
2000;18:91-120
[17] Chaturvedi HC, Jain M, Kidwai NR. 
Cloning of medicinal plants through 
tissue culture-a review. Indian 
Journal of Experimental Biology. 
2007;45(11):37-48
[18] Bräuchler C, Meinberg H, Heubl G. 
Molecular phylogeny of the genera 
Digitalis L. and Isoplexis (Lindley) 
Loudon (Veronicaceae) based on ITS- 





[19] Albach DC, Meudt HM, 
Oxelman B. Piecing together the “new” 
Plantaginaceae. American Journal of 
Botany. 2005;92:297-315
[20] Uysal İ, Ozturk M. Digitalis trojana 
Ivan. Endemik türünün morfolojisi, 
anatomisi ve ekolojisi. Anadolu 
University Journal of Faculty of Arts 
and Sciences. 1991;3:53-61
[21] Ekim T, Koyuncu M, Vural M, 
Duman H, Aytac Z, Adıguzel N. Red Data 
Book of Turkish Plants (Pteridophyta 
and Spermatophyta). Ankara: 
Foundation for Turkish Nature 
Conservation and Van Centinential 
University Press; 2000 246 p
[22] Herrera MT, Cacho M, Corchete P, 
Fernandez-Tarrago J. One step shoot 
multiplication and rooting of Digitalis 
thapsi L. Plant Cell, Tissue Organ 
Culture. 1990;22:179-182
[23] Haux J. Digitoxin is a potential 
anticancer agent for several types 
of cancer. Medical Hypotheses. 
1999;53(6):543-548
[24] Winnicka W, Bielawski K, 
Bielawska A. Cardiac glycosides in 
cancer research and cancer therapy. 
Acta Poloniae Pharmaceutica. 
2006;63:109-115
[25] Padua R, Waibel R, Kuate SP, 
Schebitz PK, Hahn S, Gmeiner P, 
et al. A simple chemical method for 
synthesizing malonyl hemiesters 
of 21-hydroxypregnanes, 
potential intermediates in 
cardenolide biosynthesis. Steroids. 
2008;73:458-465
[26] Elbaz H, Stueckle T, Tse W, 
Rojanasakul Y, Dinu C. Digitoxin and 
its analogs as novel cancer therapeutics. 
Experimental Hematology & Oncology. 
2012;1(1):4
[27] Erdei I, Kiss Z, Maliga P. Rapid 
clonal multiplication of Digitalis lanata 
in tissue culture. Plant Cell Reports. 
1981;1:34-35
[28] Perez-Bermudez P, Brisa MC, 
Cornejo MJ, Segura J. In vitro 
morphogenesis from excised leaf 
explants of Digitalis obscura L. Plant 
Cell Reports. 1984;3:8-9
[29] Matsimoto M, Koga S, Shoyama Y, 
Nıshıoka I. Phenolic glycoside 
composition of leaves and callus 
cultures of Digitalis purpurea. 
Phytochemistry. 1987;26(12): 
3225-3227
[30] Vela S, Gavidia I, Perez-Bermıjdez P, 
Segura J. Micropropagation of 
juvenile and adult Digitalis obscura 
and cardenolide content of clonally 
propagated plants. In Vitro Cellular 
& Developmental Biology - Plant. 
1991;27:143-146
[31] Sales E, Nebauer SG, 
Arrillaga I, Segura J. Plant hormones 
and Agrobacterium tumefaciens 
strain 82.139 induce efficient plant 
regeneration in the cardenolide-
producing plant Digitalis minor. Journal 
of Plant Physiology. 2002;159:9-16
[32] Murashige T. Skoog F. a revised 
medium for rapid growth and bioassay 
with tobacco tissue culture. Physiologia 
Plantarum. 1962;15:473-497
[33] Cacho M, Moran M, Herrera MT, 
Fernandez-Tarrago J, Corchete MP. 
Morphogenesis in leaf, hypocotyls 
and root explants of Digitalis thapsi L. 
cultured in vitro. Plant Cell, Tissue and 
Organ Culture. 1991;25:117-123
